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i 3 B m m Y  

Hydraulic model studlies were made t o  develop a drop structure of 
trapezoidal cross section for use i n  a flow system, which would (1) 
dissipate the energy in  the w a t e r  a t  tho bass of the drop, (2) provide 
uniform flow distr ibut ion across the  ent ire  trapezoidal. eactlon at the  
end of the paved apron, and (3) p r o ~ i d e  a m o t h  water surface at the 
entrance t o  and i n  the lower canal. In addition, it was necessery t o  
i-welop a control notch for uss above the drop structure which would 
provide a predetermined stage-discharge relationship up t o  a discharge 
of 200 secon.3-feet. Tests indicated tha t  the basin and the control ere 
interrelated ami tha t  satisfactory operation of the basin, i s  great ly 
dependent on the t ~ p e  of control used. 

A 1:6 scale model of the Sand Hollow Wasteway trapezoidal. drop wae 
sonstructed and tested i n  the laboratory, Figur.3 3. Tests were made on 
f ive  d?zferent controls, Figures 3, 6, and 7A, and on tk- different 
lengths of s t i l l i n g  basin, Figure 8. The effect  of b k f l e  piers  on the 
s t i l l i q - b a a i n  performance was also studied. 

The recommended design, Figme 13, was determined a f t e r  considering 
not only the laboratory aspects but also the f i e l d  l imitat ions of the 
problem. 

Laboratory t e s t s  showed tha t  the recammended design performed 
sa t i s fac tor i ly  for a31 conditions tested. The control consisted of two 
w a l l s  which formed a V-&aped notch located upstream from the drop, 
Figure 13. The chute and s t i l l i n g  basin had .sloping side walls and 
peaked bot$oms. Baffle piers  were Instal led near the upatream end. of 
the basin t o  reduce the wave heights in  the  canal and t o  prodde bet ter  
dis tr ibut ion of flow in  the etilZing basin, Figure 18. However, the 
basin w i l l  perform s a t i s f a c t o r i b ,  but with higher waves, if for  any 
reason the baff le  piens become dam~lgad or ent i re ly  destroyed, Figur.8~ 
17A and B. 

and 



Drop structures of. trapezoideil, croae raection whloh have bes 
i n  the past have exhibited various unde~&able c h w a c t e r i e t i c s . ~  b? 
par t  t h i s  can be at t r ibuted t o  the f a c t  tihat pm ineff icient  ~ a u l i c  
jump was farmed In the s t i l l i n g  baain of the structure, and onlg a 
re la t ive ly  a n a l l  amount of the t o t a l  energy contained in the #ziter w m  
dissipated I n  the stilling pool. Thie 16 evident f'rm obeerva~lone O f  

prototype structures i n  operation. 3n some case6 a single current 
appeared t o  ahoot through tihe basin i n  an unstable fashion fa i led  t o  
spread out across the ent i re  croes-eectional area of the baein. Became 
of t h i s  ins tabi l i ty ,  waves were formed on the surface of the c a d .  section 
below the drop and caused serious errosion of the  c d  b a a .  A t  higher 
flowe strong side r o l l e r s  formed just below the etructure aad water swept 
back i n  along the sides of the pool, causing erosion of the c w d  b a a s  
and transition linlng. A t  ~ame flowe an unstable wfiir1pool fomed in the 
s t i l l i n g  basin hotead of the intended hydralzlic jump. Again, in other 
ranges of flows, the jump swept completely out of the stilling basin an& 
formed i n  the  canal section below the drop. 

The poor operation just described i s  caused by the inherent, tendency 
of the trapezoidal drop to  concentrate the flow of water a n t e r i ~ g  the 
pool into a re la t ive ly  narrow je t  which shoots along the bottam of the 
pool and f a i l s  t o  spread out across the ent i re  crose-~ect ional  =ea of 
the  stillin& pool, part icular ly i n  the triangular areas on each side 
bounded by the basin sides and the water surface. 'Despite the difficulties 
encountered i n  the operation of previous trapezoidal drops it was decided 
that ,  i f  a structure of this type could bo made t o  perform eat isfactorl ly 
without expansive sldditions, savings i n  construction cost would be 
considerable. The major aaving would resu l t  fron almost camplete 
elirmtnation of form work f o r  placing the concrete and a sizeable reduction 
i n  the quantity of reinforcing s t e e l  requlred i n  the conventional 
rectangular drop. In t h i s  study, a trapezoidal drop was constructed and 
modified t c  perform sa t i s fac tor i ly  over the desired range of ogeratlng 
conditions, a l w a y s  with the thought i n  m i d  t ha t  the aforsrmentioned 
advantages of the trapezoidal ohape should be maintained. 

The Sand Hollow Wasteway (east branch) i s  located about 9 miles oorth 
of C a l d w e l l ,  Idaho, on the Boioe Rroject, Payotte Division. Soe Figure 1 
f o r  location map. 

1/ Hydraulic Laboratory Report No. 41, Rovember 7, 1938, United 
States  Department of the Interfor,  Bureau of Reclamation, " ~ o d e l  studlea 
of the structures at Stations 581/00, 677/00, 738/85, and the slope canal 
headworks on the Sun rtiver ProJect, Montana." 



the wasteww, being so spaced that  the control notch of one-structure forms 
the tail-water control for  the s tnicture immediately above it. Fach 
structure lowers the w a t e r  10 fee t  i n  elevation and i s  designed fo r  a 
maximum flow of 200 cubic f e e t  per second. Figure 2 shows the prof i le  and 
Figure 3 the section drawings OR the wasteway. 

DBCR7PTION AND OPERnTIOl7 OF MIDEL 

A 1:6 scale model of tho original  design of the trapezoidal drop 
structure was constl-ucted according t o  the prototype drawings shown on 
Figure 3 .  Model drawing, Figure 4, shows the re la t ive  1ocaf;ion of tho  
main features of the model. 

The upper canal, the control, and a short section of canal before the  
drop were contained i n  the metal-lined head box and the chute, s t i l l i n g  
basin, and lower canal were contained i n  the ta i l  box. The control was 
constructed of wood i n  all bests except i n  the  last phase of Test 3 ,  i n  
which a sheet metal control, fo r  greater accuracy, w a s  ins ta l led  i n  %he 
model. The original model w a s  constructed of concrete except f o r  the 
peaked bottom of the chute and s t i l l i n g  basin which were of plaster or  
wood. 

After Test 13  was concluded, the model s t i l l i n g  basin w a s  lengthened 
t o  35 f e e t  a* .the cans3 section immediately downstream from the end of the 
concrete t rans i t ion  w a s  l ined with pea gravel t o  allow a study of possible 
erosion action on the canal banks. 

Water was supplied t o  the  model from an 8-inch portable pump and 
discharges were measured with an orifice-venturi meter. In s tar t ing  a 
t e s t ,  the model discharge, representing a desired prototype discharge, 
was se t  and the elevation of the water surface i n  the upper canal was 
determined by a hook gage, Figure 4. By use of the t a i l  gate and the 
staff gage, the elevation of the water surface i n  'the lower canal was 
se t  t o  correspond t o  the stage indicated on the st-e-discharge curve , 
f o r  thc particular f-low being used. The stwe-discharge curve, Curve A, 
Figure 5 ,  submitted t o  the laboratory by the design section indicates 
tha t  the stage fo r  any given discharge i s  the sane i n  the upper and 
lower c d  sections. 

To observe and measure the wavo heights i n  the lower canal, reference 
l i n e s  corresponding t o  the proper tail-water depth f o r  discharges of 200 
second-feet and 50 second-feet w e e  painted on the canal banks. !Chese 
are  shown i n  the Frontispiece as  the elevation 5.5 and the elevation 2-95 
foot  l ines ,  respectively. Wave heights were determined by noting at a wave 
measuring stat ion tho point on the canal bank t o  which the highest wave 
splashed and computing tho ver t ica l  distance of this point above the 
tail-water refererrce line. This method w a s  used becsuse comparative t e s t s  
showed tha t  wave heights determined i n  t h i s  manner were greater tbm those 
read on a staff g ~ e  i n  the chantiel. The locations of the various wave 



measuring stations a r e  given i n  the footnotes of Tables 1, 2, and 3.  
A l i n e  a t  elevation 6.0 foot Gas also used t o  aid i n  visual comparison 
of wave heights a t  tho maximum design flow of 200 second-feet. For 
Tests 1-19> wave heights were measured only for %he 200-second-foot 
discharge but t o  aid. i n  compa.rison of the various baffle pier designs 
of Tests 20-31, \rave heights were also measured at a flow of 50 second- 

The t e s t s  conducted i n  t h i s  model stuQ were divided into two general 
classifications; the f i r s t  t o  develop a s&tisfactory control notch, 
Tests 1-5, and the second t o  develop a satisfactory sti l l ing-basin design, 

~ ; ~ e - d i s c h a r ~ e  reletionship i n  the upper canal fo r  a range of discharges 
up t o  200 second-feet. The secondary purpose of t h i s  group of t e a t s  was 
t c  develop a notch having proper outflow characteristics,  since the 

I 
d i s t ~ i b u t i o n  of flow i n  the chute-had considerable effect on the hydraulic 
Jump i n  the s t i l l i n g  basin. I 

The t e s t s  on the s t iSl ing basin were made t o  develop a s t i l l i n g  
basin which would operate sa t i s fac tor i ly  when the recommended control notch 
w a s  I n s t d e d  i n  the nodel, 

L.1 the f i r s t  t e s t s  the main consideration given the control n ~ t c h  
was that  it provide the 2roper stwe-discharge relationship, but as  the 
testing progressed it became apparent th6t the &ape and location of the  
control structure had a great  influence on the dis tr ibut ion of flow of 
water i n  the two valleys of the chute and consequently upon the action of 
the hydraulic jtrmp i n  the s t i l l i n g  basin. ' Also, t o  secure uniform flow 
distr ibut ion i n  tb basin it was, of course, necessary t o  divide the  w a t e r  
even3y between the two valleys of the chute. Another facsar a f f e c t i ~ g  the 
pract icabi l i ty  of the control was the susceptibi l i ty  of the various control 
structures for becoming obstructed with f loat ing weeds aDd debris. 

Tesr; i, Figures 3 and 1 4 ~ ,  showed tha t  the control pier of the 
original  design did not maintain the desired w a t e r  l eve l  i n  the canal, 
The control structares of Tests 2-5, Figures 6 and 7A, i n  all cases . 
maintained the water surface just s l ight ly abovo the d e s k &  level. The 
control notch aesigns of Tests 1, 2, and 5 were considered unsatisfactory 

*- because of the re la t ive ly  greater possibi l i ty  of becoming obstructed with 
t rash and because tho flow i n  the chute, part icular ly for  flows less than 
muimum, was not evenly distributed. The design used in Test 4 



further as-mstrsam it poor-distribution of flow i n  the chute. 
Figures 14 nnd lfJ show the model operation f o r  a discharge of 200 second- 
f e e t  with tho v,vious control notches instulled. 

Th3 control notch of Test 3 was selected as the contrsol structure 
most nearly providing the desired performance. Figure i 3  sk~ows the 
recommended design. Figure 5 shows the head-discharge curve obtained 
f o r  the recommellded notch and indicates tha t  it maintainod very nearly 
the desirod water level  i n  the canal above the drop fo r  the desired range 
of discharges. d r t h e r ,  it was considered l e a s t  l ike ly  t o  be obstructed 
by f loat ing trash and debris, and fo r  all discharg6s tasted the 
dis tr ibut ion of flow i n  the chute valleys was satisfactory. The stage- 
discharge relationship shown yn Figure 5 was made with the control notch 
accurately constructed of sheet metal. 

Effect of notch discharge on stilling-!$: .:...A performance. Although -- 
sufficient t e s t s  were n ~ t  mde t o  evduatt? .:;,ell notch i n  terms of ident ical  
basins, cer tain chtlractoristics of flow w o w  r ~ t e d ,  and provide a clue t o  
the reascns f o r  tho successful operation of the notch of Test 3. In 
Tests 4 and 5 ,  with a peaked bottom and a discharge of 200 second-feet, . 
the flow was concentrated on the outside slopes of the chute. A s  a resul t ,  
the two j e t s  were deflected by the basin sides, causing them t o  intersect  
about halfway down the basin length. This was evident when tho t a i l  water 
i n  the lower canal was lowered, Figure l 5 C .  

In  Tests 1, 2, and 3, the flow i n  general f o r  200 second-feet was 
well. distributed i n  the chute. For Tests 1 and 2 ,  with a f l a t  bottom, 
and f o r  Test 3, with n short length of peaked bottom, the two Je ts  
intersected at ?,he bottom of the pool somewhere near the lower end of 
the basin. Thus,, for  the notch of Test 3, a more uniform distr ibut ion 
of flow occurred i n  the chute and also throughout the length of the 
s t i l l i n g  basin, Figure 1%. Since it &so maintained the desired stage- 
discharge relationship the notch of Test 3 was selected fo r  use i n  t h s  
apron t e s t s  and ultimately fo r  use i n  the reconmended design. 

Stilling-Basin Tests 

With the recommended coxltrol of Test 3 i n s t d o d  i n  the model, 
Tests 6-31 were conducted t o  develop a s t i l l ing-basin design which would 
produce, a t  al3, flows, a smooth evenly distributed flow of w a t e r  i n  the 
basin and lower canal section. The st i l l ing-basin length was 25 feet ,  
i n  Tests 6-13, and w a s  lengthened t o  35 f e e t  in  Tests 14-31, Figure 8. 
'ill*?.- groupings of t e s t s  w i l l  hereafter ba referred t o  as t e s t s  on the short 
and long basin. Table 2, Pago 12, gives the resu l t s  of t h e  t e s t s  on the 
short basin, and Table 3, Page 13, contains tho resu l t s  of the t e s t s  on 
tht3 long basin. It i s  t o  be noted tha t  these two tables give the elevation 
of the highest wave f o r  each t e s t ,  and also describe the action in the 
pool and the charaoter of the canal surface. 



bottoms instal led l n  t h e  s t i l l i n g  basin, i t  was found tha t  tiha 
performance of the various s t i l l i n g  basins couM best be evalmted 
by measuring and comparing the wave heights i n  tho lower canal. I n  
pract ical ly every t e s t  the efficiency of the Jump and i t s  abfiit;y *t;o 
diseipate energy and provido uniform flow was ref lected in  the  height 
of the waves which existed i n  the l o w e r , c ~ .  For t h i s  reason the 
discuesion of the s t i l l ing-basin t e s t s  centers aroW3d wave heights. 
However, the above-mentioned tables  give a brief description of the  
action i n  the pool and the photomaphe of the model i n  operation show 
the extent of ihe turbulent water i n  the model. 

Tests on Short Basin 

Tests 6-13 were conducted on the short basin, 25 f e e t  lorag. Test 6 ,  
Pigme 8 ~ ,  was conducted with no b&fle piars  instal led i n  the basin. 
Teats 7, 8, 9, 10, and 11, Figures 7 and 9, were conducted t o  study the 
effect  of different 3-10 pier designs. Por Test 12, Figure lOA, a 
f i l l e t  w a s  instal led at  tho intersection of the chute and basin velleys. 
For Test 13, Figure lQB, a f a l se  f loor  of aheet metal. wae ins ta l led  over 
the chute valleys t o  produce a f h t  chute bottom. 

d 

A comparison of the resu l t s  of Tests 7, 8, 9, 10, and U, Table 2, 
Page 12, showed tha t  the baff le   pie^ designs of Tests 8 and 9 were most 
effective i n  reducing the wave heights i n  the canal section downstream 
f rom the drop. For the maximum flow of 20C second-feet the waves 
splashed up t o  about 6.0 f e e t  for  both t e s t s ,  making the actual  wave 
height above the normal water surface about one-half foot. The wave 
heights of Tests 7, 10, & Y were considerably higher, as shown in 
Table 2. 

In Tests 7, 8, 9, and U, the most effective location of t h e  baff le  
piers, was determined by th.e foUowing procedure: While themodel w a s  
operating at maimum deeigr~ flow %he bayfle piere, which were mounted on 
sheet metal s t r i p s  bent t o  f i t  the f loor  of the basin, m e  inserted at 
the upstream end of the s t i l l i n g  basin and slow3.y moved downstream t o  
about the middle of, the basin. The wave heights were noted as the baff le  
piers were moved and the 1.ocation st which the waves ware a minimum was 
chosen as  the most effective. 

The p iers  of Test 10  were tested only a t  the location given i n  
Figure p. The f i l l e t  02 Test 12  and the flat chute bottam of Test 13 
had only a emalL effec t  on the reduction of wave heights i n  the canal 
below the basin as showxl i n  Table 2, Pnge 12. 

In  Test 6, with the short basin and no baff le  piers  iuatalled, the 
wave heights i n  the canal below the drop were about 1-1/2 feet .  W i t h  
the baff le  p iers  of either Tast 8 or 9 installed, the wave heights were 
reduced t o  about one-half foot, This raduction of wave height8 fully 

I just i f ied t h e  use of baff le  piers i n  the basin, 



similar t o  those of Tests 8'or 9, 3'igmes 7 and 9 ,  might he considered 
adequate. . However, since baffle piers  i n  the prototype structure might 
be bamrlged i n  various ways, It; was desired, t o  dovelop, i f  possible, a 
s t i l l i o g  basin of economic proportions tha t  would operate sa t i s fac tor i ly  
even if' the baff le  piers  were destroyed completely. Accordingly, the 
s t U i n g ' b a s i n  was lengthened t o  35 fee t  and the t e s t s  on the long basin 
ware made. 

Tests 14-31, Table 3 ,  Page 13, were performed on the stilling basin 
after it had been lengthened t o  35 feet,  Figure 8 ~ .  Test 14, Figure 8 ~ ,  
was made without baff le  piers  and Testa 15, 16, and 17, Figure XI., were 
conducted with various sizes of baff le  piers  ins ta l led  in the.basin. Tost;s 
18 a8d 19, Figure 16, were perfamed to,detemine the s f fec t  on the action 
of the jump i n  the basin when the baffle piers  of Test 16 were obs-hutted 
with trash. Tests 20-30, Figures 12A andB, were made t o  determino the mast 
effective method of placin& the baff le  piers  i n  two rows t o  reduce t h e  
poss ib i l i ty  of the i r  becm.Lnp3 obstructed w i t h  f loat ing t rash  and debris. 
Teat 31, Figure 12C, was .made t o  determine the effectiveness of an m a n g e -  
ment of baffle piere proposed by the aesign section. 

A comparison of the wave height.8, Table 3, Pwe 13, of Test 14 with those 
of ~ e s t s  15, 16, 17 aho~red that baffle piers  reduced materially the height 
of waves i n  the c a d  section below the  drop. Siroe sufficient reinforc;ing 
s t e e l  could be placed in the 7-inch wide piere of Test 16 t o  meet all 
s t ruc tura l  requirements, t h i s  pier w a s  aelectod fo r  further t e s t s .  The 
distr ibut ion of Plow i n  the s t i l l i n g  basin and a visual canparison of +Ae 
hoight of waves i n  Tsste' 14 and 16 are shown i n  Figure 17, Tests showed 
tha t  small hies of debris and weeds introduced into the flow above the  
control would lodge on and between the piers spaced as shown i n  Test 46. 

It i s  possible tha t  during i'ield operation of the  prototype the baffle 
p i m s  will become cmpletely obstructed with floatj.ng trash Rnd debris. 
Colulequently, for Tests 18 and 19, regs were fasten,fl  to the f ront  of the 
baffle piers  t o  assimilate the f i e l d  conditione where the yiers  were- 
cmpletely obstructed, Figure la. In both t e s t s  the flow of water was 
deflected ver t ica l ly  upward over the piers  znd the resul t ing pool surface w a s  
very rough, Figure 16B. Additional t e s t s  were then made t o  prevent clogging 
of the openiws between the piers. 

Tests 20-30 ahowed that there w a s  an effective method of s t tggmirg  the 
7-inch wide piers  into two rows t o  i n ~ e a s e  clearance between -tihe p i m s  
and yet provide a amooth w a t e r  surface in the lower canal. By cmparing the 
reeu l t s  of these t e s t s  in Table 3, Page 13, it w a s  apparent that the location 
of piers  Ix l  Tests 21 and 22, Figure l.2A, produced the most effective reduction 
of wave helghts. The location and arrangement of baff le  piers  of Test 21, is 

CL reccrmmended by the laboratory because it i s  considered l e s s  l i k e l y  t o  become 
obstructed w i t h  f loat ing traah and debris. Figure 18 shows the operation of 
the  model at a discharge of 200 second-feet using ths  piers of Test 21. 

It wpa evident tha t  wave heights became progressively higher ae the 
p iers  were moved downstream as a group; &so that, in general, 'mvlng the 

/ 



gave progressively higher wave heights. 

Discussion of Results of S t U i n p B a s i n  Tests 

A study of the resu l t s  of the t e s t s  on the shor* basin showed that * 

tho baff le  pier designs of Tests 8 and 9 were most effective in reducing 
the turbulence and wave action i n  the canzal section downstream from the 
drop. A t  the maximum design flow, the wave heights for the short basin 
wJthout baff le  piers  were 1.5 f e e t  campar'ea t o  wave heights of one-half 
foot when piere of the design of ei ther  Test 8 or 9 were instal led i n  the 
basin, .E the c d  banks were of a material sble t o  withstand waves of 
t h i s  e i t u d o  the short 'basin with properly denigned baff le  piers  
ins te l led  could be used. There were no pmt%c;ularly undesLrabLe hydraulic 
chtxracteristics apparent on the model a t  lowm flows i n  ei ther  Test 8 or  9. 
The fac t  tha t  most of the flow w a s  slow the sides of the pool at  low 
flows w a s  not considered serious, since harmful affects  d3.d not extend 
t o  the end of the apron. 

Lengthening the s t i l l i n g  basin LO f e e t  was thought t o b e  Justified 
f o r  t h i s  particular ins ta l la t ion  on the Sand Eollow Wasteway since the 
10% basin without b d f l e  piers produced waves appreciably lower than 
those of the short basin, with no piers  installed. Additional t e s t s  
showed fiat the wave heights could be further redur,ed by the addition 
of bafflo piers t o  the  long basin. With properly placed piers  i n  the  
long basin, the waves were reduced from 0.9 f e e t  t o  0.3 f e e t  hi&. The 
location of baff le  p i e r s  ir, Tent 20 produced s l ight ly  more reduction of 
wave heights a t  the maximm design flow, but the loca-bion of baff le  p b r s  
i n  Test 21 was recommended by the laboratory since t e s t ,  jhowed that this 
arrangement of piers  was l e s s  l ike ly  t o  become obstruoted w i t h  f loat ing ' 

-'. 

t rash and debris. 

A t  tho request of the design. section, the pier  arrangement of Test 31 
was tested i n  the model. This mangement differed from Test 21 in t h a t  
th6 m i l l  outside piers of the upstream row were removed and the upstreem 
row of piers  were moved 6 inches farther downstream as ahown in Figure E C .  
The action i n  the pool and. lower canal was 3u6t as satisf'actory as tha t  
produced by the pier  mangement of Test 21, Figure 19. Further t e s t s  
on the pier mangament of Test 31 showed tha t  the openings between the  
piers  would not become clogged w i t h  trash. 

For all flows tested, the pool and canal surfaces were relatively 
anooth and the flow of water was evenly distributed at the end of the 
paved apxon of the drop. There was no evidence of measurable erosion 
i n  the gravel-lined section of canal immediately below the drop. 

Since the wraagement of piers  f o r  Test 31 performed sa t i s fac tor i ly  
they were adopted fo r  use i n  the recormended structure. 

Y 



Baaed on the results  s f  hydraulic mdel  teats  ern4 on f ie ld  
ldmltations, the etructure rec-nded for p[rototype oonetruction 
consisted of iihe long basin, B&we 813, with the. baf'fb pier i?~rrangwsnt 
of Test 31, shown i n  Figure l2C, mil the a6ntrol notch of Tset 3, 
$Igu~e 6B. A s  a result  of the t e s t s  made to  reduce wave heights, it was 
possj,ble t o  reduce the vertical height of the s t i l l ing  basin f'ra h'2e 
migixmlly proposed 10 feet t o  9 feet. The entire structure i s  ale0 
s h m  on Figure 13, and an over-all view of the model i s  ahown i n  the 
Front ispieca. 



RFSULTS OF TETS ON C O m L  I'?OTCH (TESTS 1-5) 
Description 

of t e s t  Elevation o P  Desired Actual head 
d Test d e s i w  Q hl&eet wave head* i n  model Remarks 

1 See 200 6.5' 5-50' 4.51' ' Pronounced side 
Figure 3 ro l l e re  i n  pool and 

canal surface very 
rough. Flow 
concentrated i n  
chute grooves. See 
~ i p e  L ~ A .  mo 
Je ts  in tersec t  new 
end of basin. - 

100 - - 4.02' 3.31' Pool and canal 
surface rough. Flow 
down chute grooves 
tends t o  outside 
slopes of - grooves. 

2 See 200 7.0' 5.5' 5.63 Pronounced side 
Figure 6A rolllers. Fool a& 

canal surface 
extremely rough. 
Flow concentrated 
more on outside 
slopes of chute 
grooves, See 
Pigme 1 4 ~ .  Two 
' je t s  in tersec t  

\ 
below middle of . 
pool. 

l @ O  .. - 4-02' 4.281 Poo landcana l  
I 'surface rough. 

Flaw shif ted t o  
inside slopes of 
chute grooves. 

*Elevation t o  which highest wave splashed on l e f t  channel bank 
8 f e e t  Cornstream from end of transition. 

-Desired head--Bead from Curve A, Figure 5 ,  corresponding t o  
discharge fm t e s t .  



Descriptio~ 
of t e s t  

Test design 
3 See 

Figure 6~ 

4 888 
~ i g u r e  6~ 

, 

5 See 
F*e 7 

'1 lELevatlon of I Desired I Actual head I 
Q lhi@est wave I head I inmodel I Relnaxks 

1200 1 6.25' I 5.5' I 5.66' lSiderolLers inpool .  
I I I I I Pool and canal 

- 
surface very rough. 
Peaked basln bottom 
seemed t o  s'traighten 
flow through pool. 
Distribution of flow 
down chute valleys 
~ni form for aifferont  
flows. See Figures 
1 4 ~  and 19. 

- - 1 4.02' 4.14' Poolandcanel  
I surface rough. 

5-57' I Control notch of 
I Test 3 moved t o  t h i s  

position t o  spl.ead 
flow of w a t e r  onto 
outside slapes of 
chute valleys. Flow 
deflected back by 
s$de dopee  of basin ' 
p e d ,  two j e i s  
intersecting about 
center of basin. 
Pronounced side 
rol lers .  Pool and 
canal surface very 

I r o w .  See ~ i g u r e  1 4 ~ .  
100 -- 4.02' 1 4.13 Pool and c d  suri'ace 

I I I I rough. Flow of water 
I stil l  on outside 
I 

slopes of chute 
valleys. 

~ P O O ~  and canal surface '' 

very rough. 
]Pronounced side 
rol lers .  Flow of 
w e t &  r id ing  outnide 
slopes of chute * 

velileys. Deflectad 
back t o  center of 
POOL 'by outside 
eiopes of basin. Jets 
intersect  about center 
of pool. See Figure 13. 

/Pool and o- surface 



RESULTS OF TFS'PS ON "SHORT" STII;LING BASIN 
Description Rev. of Distribu- 

of t e s t  highest ' t ion  of 
~ e s t  lies* Q wive* f l o w  ~amesks 

6 See 200 7.0' Poor Pool and canal surface very rough, 
F W e  8~ pronounced side ro l le rs .  - 

7 See , 200 6-25' FaFr Pool and canal surface rough, side ' Figure 7B r o l l e r s  i n  upper pool. 
50 -- Fair Flow mostly slow sides of basin. 

Pool and canal surface rough. 
8 See 200 6.0' Fair Pool and canal surface rough. Piers  

Figure 7C deflected j e t s  of water up above 
normal pool surface. Side r o l l e r s  
i n  upper pool. 

50 -- Fair Pool and canal surface rough. Flow 
mostJy along sides of pool. 

9 See 200 6.0t Fair Pool and c d  surface rough. Piers  
Figure 9A deflected 3eks of waker up above 

narmal pool surface, Side r o l l e r s  
i n  upper pool. - 

50 -- "Fair Pool and c a r d  surface rough. Flow 
mostly d o n g  sides of pool. 

10 See 200 6.5' Poor Pool and canal surface rough. Piers  
Figure gB intercepted pract ical ly a U  incoming 

flow, causing Je ts  t o  shoot weli 
above normal pool aurf  ace. Most of 
flow a l o q  surface of pool. 

ll See 605' Fa* Pool. and c d  surface rough. Flow 

I Figure 9C deflected t o  outsides of pool 
el iminat iw side ro l le r .  

12 See 200 6.5' Boor Pool and canal surface very rough. 
Flgure 10.. Bottom filJ.et did not break up flow 

of incoming jets.  Pronounced side 
r o l l e r s  i n  pool. 

13 see 200 6.5' ~ o o r  Pool and canal surface r o w .  Flow 
Figure 1033 w e l l  distributed on chute bottom but 

concentrated into two j e t s  by 
side slopes of peaked basin bottom 
and Basin sides. Jkonounced side 

- r o l l m s  i n  pool. 

*Elevation Lo which highest wave splashed on l o f t  channel bank 8 fee t  i * 
downstream f r o m  end of transition. 

=At downsbream end of transition. 





Description 
of t e s t  n e v .  of Distribution 

Test d e s i p  Q waves of flow R e k s  
50 -- Poor Clogged piers  deflected incoming 

jeta 18 inches above normal pool 
surface. Flow mainly on surface 

I aPd tilow, sides o;p pool. 

I .  20 See 200 5.8 Very good Pool and canal surface very smooth. 
Figure 12A Small side r o l l e r s  in upper pool. 
A-1.5' 50 3.2 Good Pool surface m o t h ,  flow of water:  
~ a l . 5 1  unstable In center of pool Just 

below piers. 
21 See 200' 5.9 Very good Pool and canal surface very m o t h .  

Figure 1% Small side r o l l e r s  in upper pool. 
See Figure a. 

~ r l . 5 '  50 3.15 Good Pool surface -0th but flow 
B=3 unstable in center 'of pool 

just  below piers. 
22 See 200 6.0 Good Pool and canal surface smooth. 

Figure 12A Small side r o l l e r s  in ugper pool. 
~ = l . 5 '  50 3.25 Mod Pool and canal surface f a i r l y  
~ = 4 . 5 '  w o t h .  Plow of water  unstable 

in  center of pool just  below piers. 
23 See 200 6.0 Good Pool and canal surface became 

Figure 12A rougher as second row of p iers  
A11.5' was moved downstream. Side 

r o l l e r s  became larger. 
1 5 0  3.25 Good Pool and canal surface became 

rougher as second row of p ie r s  
was moved downstream. ~ m t a b l e  
flow between rows of piers, 
center of pool. 

See 200 5.9 Very good Pool a& canal ~ u r f a c e  very ~ ~ l l ~ o t h .  
Figure U B  Small side r o l l e r s  in upper pool. 
An1.5' 50 3-3 h o d  Pool and canal surface very a;mooth. 
~01 .5 '  No unstable area below piors. 
See 200 6.0 d Pool and canal amface smooth. 
Figure 12B Small  side r o l l e r s  i n  upper pool. 
~ a l . 5 '  50 3.23 b o d  Pool and c a d  surface fairly 

1 - 1  
- - 

Ba3.0' I I -0th. No unstable flow below 
- piers. 

2; See 200 6.0 Good Pool and cand surface became 
Figure 1ZB rougher a s  second row of p iers  w a s  
A l l .  5 ' moved downstream. Side r o l l e r s  
B-4.5' became lar~er. 

50 3.25 Faix Fluctuat in8 horizontal r o l l e r  
farmed between row of piers. 



Deecrlption 
of t e s t  Elev. of Distribution 

Test deei~l;n Q wave8 of flow Ramcu.ks 
27 See 200 5.9 Very good Pool and canal surface~mooth. 

Figure 12A SmalL side r o l l e r s  i n  upper p o o L  
A=3 ' 50 3.2 Good Pool and canal surf ace f a i r l y  
~=1. 5' smooth. Fluctuating horizontal 

r o l l e r  formed ln'center of pool 
Just below lower row of piers ,  

28 See 200 6.1 Cood Pool and canal surface fairly 
Figure 12A smooth. Side r o l l e r s  i n  tlpper 

pool. 
Am3 50 3.2 Fa!x Pool and canal sixrface became 
3-3 rougher as second. row of p iers  

w a s  moved downstream. Unstable 
horizontal roller famed In 
center of pool just below lower 
row of piers. 

29 see 200 6.0 Good pool and c a d  surface f&ly 
Figep.e 12A smooth. Side r o l l e r s  i n  npper 

pool. 
~=4.5' 50 3.4 Fair Pool and canal surface rather 
~ = l , 5 '  rough. Flow mainly along l e f t  

side of pool. 
30 See 200 6.0 Good Pool and canal surface f a i r l y  

Tigure l 2 A  smooth. Side r o l l e r s  larger 
than in Test 28, 

~ = 4 , 5 '  50 3.3 FeLir Flow mainly along l e f t  side of 
B=3 pool. Side r o l l e r  along r Q h t  

bank i n  upper three-fourths of 
pool. 

31 See 200 5.9 Very good Pool and C& surface very gmooth, 
Figure 12C SmaU side r o l l e r s  i n  upper half 

of. pool. See FQmre 19. 
50 3-15 Good Pool and canal. smooth but flow of I w a t e r  just  below downstream row 

of piers  unstable. .See Figure 19. 
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FIGURE 2 
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I PROFILE C SECTIONS 
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SAND HOLLOW WASTEWAY (EAST BRANCH) 

TRAPEZOIDAL CONCRETE DROPS 

V E R T I C A L  F A L L  10.0' D I S C H A R Q E  - 0 0 0  SECOND FEET 

O R I G I N A L  O E S l O N  







FIGURE 6 

Note .  For l o c o t ~ o n  of Sto A see Fig 13 
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SECTION A-A 

A. TEST 2; TWO NOTCHES AND ORIFICE LOCATED 
10'-0" DOWNSTREAM FROM STATION A. 

.- c-0  9a 

SECTION A - A  

8. TEST 3. RECOMMENDED NOTCH OESlGN WITH 
ONE NOTCH AT STATION A. 

4 902-q 

'y,/\ 17 .... Y 

d A 0 9 4 '  

S E C T I O N  A-A 

C. TEST 4. SAME NOTCH AS TEST 3 EXCEPT NOTGH IS 
LOCATED 10'-6" DOWNSTREAM FROM STATION A .  

SAND HOLLOW WASTEWAY 
TYPES OF CONTROL NOTCHES TESTED 

116 SCALE MODEL 





PLAN OF MODEL 

A .  TEST 6. SHORT STILLING BASIN WITHOUT BAFFLE PIERS 

PLAN OF MODEL 

B. TEST 14. L O N G  STILLING BASIN WITHOUT BAFFLE PIERS 

SAND HOLLOW WASTEWAY 
DETAILS OF STILLING BASINS TESTED 

1'6 SCALE MODEL 



A. TEST 9. BAFFLE PlER DETAILS  

B. TEST 10. PAFFLE PlER DETP ILS  I 

C. TEST 11 .  BAFFLE PIER DETAILS i I 
SAND HOLLOW WASTE WsAY , 

T Y P E S  OF BAFFLE  PIERS T E S T E D  I 
1:6 SCALE YODEL 

I I 





A. TEST 15. BAFFLE PIER DETAILS I 

8. TEST 16. BAFFLE PlER DETAILS 

C. TEST.I7. BAFFLE PlER DETAILS I 

SAND HOLLOW W A S T E W A Y  

T Y P E S  OF BAFFLE PIERS TESTED 

116 SCALE YODEL 







A. Test 1. Flow through notches 
using control of original 
design at Station A. 

. Teat 2. Smaller notchem 
with or i f ice  moved 10 f e e t  
downatream from Station A. 

Test 3.  Single notch a t  
Station A. Note the even 
distribution of flow through 
the chute velleys. 

SARD BOLTOW 
m w  CONDITmIVs W I T H  I 

Discharge--2OO 
1:6 scale 

D. Teat 4. Single notch moved 
10'6" dowmtream. Note t h t  

water riding the outside 
elopes of the chute. 

WASTEWAY 
BTCHES OF TESTS 1-4 
second-feet 
model 



Figure 15 

A. Test 5. Two notches without 
or i f ice  located at Stat ion A. 

B. Test 3.  Single notch located C. Tee* 4. S i d e  notch moved 

a t  Stat ion A. Note t h a t  j e t s  1 0 ' 6 ~ ~  downstream from 
remain i n  the valleys through- Stat ion A. Note the joining 
out the basin leogth. of the two j e t s  i n  the center 

of the s t i l l i n g  basin. 

SAmD H O U W  WASTENAY 
F L O W  CONDI'TIONS USING NOTCHES OF TESTS 3-5 

Discharge--200 second-feet 
b:6 scale model. 



3. Test 19. Discharge of 
200 second-feet with piers 
clogged as in A above. 

SAND mmw WASTEXJW 
FLOW O I T I O N S  WI'l'H PLWS CIX)GGED 

1: 6 ~ c d e  model 

A. Method used to clog baffle 
piers for Test 19. 



Figure 17 

A. Test 14. No baff'le piers. St illlng-basin operation satief actory 
but turbulent with surges and waves extending into the canal. 

B. Test 16. Baffle piers installed. Stilling-basin and canal water 
surface comparatively smooth. 

SAM) H O U W  WASTEWAY 
STSJIING-%SIR PI!RZQRMAI?CE W I T E  AIJD WElXOUT BIERS 

Discharge--200 second-feet 
1:6 scale mde l  



B. Test 21. Waves along the c e d  banks with 
same two rows of piers instrLU.ed.. 

I 

SAFD HOLLOW WASTIMAY 
FIA,W CONDITIOmS WITE PIERS OF %!EYk 21 INS- 

Discharge--200 second-faet 
1:6 scale mode?- 

Figure 18 

A. Test 2 l .  Flow condition8 in stilling 
basin with two rows of piers installed. 




